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(54) Switching power supply unit 

(57) A switching power supply unit includes a DC 
power supply (2), a transformer (T) having a primary 
winding (N1 ), a secondary winding (N2) and a feedback 
winding (Nb), a main switching element (Q1 ) connected 
in series to the primary winding (N1), and a control circuit 
(5) connected between the feedback winding (Nb) and 
the control terminal of the main switching element (Q1 ), 
so that a DC output can be obtained. In this switching 
power supply unit, there are provided a voltage gener- 
ating unit disposed on the primary side of the transform- 
er (T) to output a voltage according to a load power, and 
a delay circuit (6) fore reducing the switching frequency 
by delaying the turn-on of the main switching element 
(Q1 ) according to a voltage output from the voltage gen- 
erating unit thereby to prolong the OFF time of the main 
switching element (Q1). 
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(54) Switching power supply unit 

(57) A switching power supply unit includes a DC 
power supply (2), a transformer (T) having a primary 
winding (N1), a secondary winding (N2) and a feedback 
winding (Nb), a main switching element (Q1) connected 
in series to the primary winding (N1), and a control cir- 
cuit (5) connected between the feedback winding (Nb) 
and the control terminal of the main switching element 
(Q1), so that a DC output can be obtained. In this 
switching power supply unit, there are provided a volt- 
age generating unit disposed on the primary side of the 
transformer (T) to output a voltage according to a load 
power, and a delay circuit (6) fore reducing the switching 
frequency by delaying the turn-on of the main switching 
element (Q1) according to a voltage output from the 
voltage generating unit thereby to prolong the OFF time 
of the main switching element (Q1). 
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Description 

BACKGR OUND OF THE INVENTION 

1 . Field of the Invention 5 

[0001] The present invention relates to a switching 
power supply unit, and more particularly, it relates to a 
switching power supply unit of a ringing choke converter 
(hereinafter referred to as an RCC) system. w 

2. Description of the Related Art 

[0002] In general, electronic equipment such as an 
electronic calculator or a communication device needs 15 
a stable DC voltage. Thus, in order to supply the stable 
DC voltage from a commercial AC power supply, a 
switching power supply unit of the RCC system,' in 
which relatively easy formation can be conducted to 
obtain high efficiency, has been widely used. The struc- 20 
ture of such a switching power supply unit will be illus- 
trated referring to Fig. 8. 

[0003] In this figure, reference numeral 1 0 indicates 
a switching power supply unit, which has an input circuit 
2, a DC-DC converter circuit 3, a voltage detection cir- 25 
cuit 4 and a control circuit 5. 

[0004] Among these components, the input circuit 2 
has a fuse F connected to an AC power supply AC, a fil- 
ter circuit LR and a rectifying diode bridge DB. 
[0005] Additionally, the DC-DC converter circuit 3 30 
has a smoothing capacitor C1 disposed between the 
output ends of the diode bridge DB of the input circuit 2, 
a transformer having a primary winding N1, a second- 
ary winding N2 having the polarity opposite to that of the 
primary winding N1 , and a feedback winding Nb with the 35 
same polarity as that of the primary winding N1, an FET 
Q1 as a main switching element connected in series to 
an end of the primary winding N1 of the transformer T, a 
starting resistor R1 connected between the other end of 
the primary winding N1 and the gate as the control ter- 40 
minal of the FET Q1 , a resistor R10 connected between 
the gate and the source of the FET Q1 , a rectifying 
diode D1 connected in series to an end of the second- 
ary winding N2 of the transformer T, and a smoothing 
capacitor C4 connected between both ends of the sec- 45 
ondary winding N2. 

[0006] The voltage detection circuit 4 disposed on 
the output side of the DC-DC converter circuit 3 
includes a resistor R5, a light-emitting diode PD on the 
light-emitting side of a photo coupler PC, a shunt regu- 50 
lator Sr, and resistors R6 and R7. Among these compo- 
nents, the resistor R5, the light-emitting diode PD, and 
the shunt regulator Sr are mutually connected in series 
and disposed in parallel to the capacitor C4 of the DC- 
DC converter circuit 3. In addition, the resistors R6 and 55 
R7 are also mutually connected in series and similarly 
disposed in parallel to the capacitor C4. The node of the 
resistors R6 and R7 is connected to the shunt regulator 



Sr. 



[0007] The control circuit 5 includes a resistor R13 
and a capacitor C3 connected in series between one 
end of the feedback winding Nb and the gate of the FET 
Q1 , a transistor Q2 connected between the gate and the 
source of the FET Q1 , a resistor R2 connected between 
one end of the feedback winding Nb and the base of the 
transistor Q2, a resistor R3 and a capacitor C2 con- 
nected in parallel between the base and the emitter of 
the transistor Q2, a resistor R4, a diode D2, and, a 
photo transistor PT on the light-receiving side of the 
photo coupler PC, which are mutually connected in 
series between one end of the feedback winding Nb and 
the base of the transistor Q2. 

[0008] Next, a description will be given of the oper- 
ation of a switching power supply unit 10 having such a 
structure. 

[0009] First, on startup, voltage is applied to the 
gate of the FET Q1 via the resistor R1 to turn on the 
FET Q1 . When the FET Q1 is turned on, a power supply 
voltage is applied to the primary winding N1 of the trans- 
former T, and voltage is generated in the feedback wind- 
ing Nb in the same direction as that of the voltage 
generated in the primary winding N1 , whereby the FET 
Q1 is rapidly turned on by a positive feedback. Under 
this situation, excitation energy is charged in the pri- 
mary winding N1 . 

[001 0] When the base potential of the transistor Q2 
reaches a threshold, the transistor Q2 is turned on, 
whereas the FET Q1 is turned off. This permits the exci- 
tation energy charged in the primary winding N1 of the 
transformer T during the ON time of the FET Q1 to be 
discharged as electric energy via the secondary wind- 
ing N2. The energy is supplied to a load after being rec- 
tified by the diode D1 and smoothed by the capacitor 
C4. 

[0011] In this way, when the excitation energy 
charged in the primary winding N1 of the transformer T 
is all discharged via the secondary winding N2, voltage 
is again generated in the feedback winding Nb, and the 
FET Q1 is thereby turned on. When the FET Q1 is 
turned on, voltage is again applied to the primary wind- 
ing N1 of the transformer T to charge excitation energy 
in the primary winding N 1 . 

[0012] In the switching power supply unit 10, the 
above-described oscillating operation is repeated. 
[0013] Under normal conditions, an output voltage 
on the load side is divided by the resistors R6 and R7, 
and the divided detection voltage is compared with a 
reference voltage of the shunt regulator Sr. After this 
comparison, the amount of fluctuations in the output 
voltage is amplified by the shunt regulator Sr, and cur- 
rent flowing through the light-emitting diode PD of the 
photo coupler PC changes, so that the impedance of 
the photo transistor PT changes according to the light- 
emitting amount of the light-emitting diode PD. This 
operation permits the time for charging / discharging the 
capacitor C2 to be changed, so that the output voltage 
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is controlled to be fixed. 

[0014] In the conventional switching power supply 
unit 10, however, as a characteristic of the RCC system, 
as shown in Fig. 4(d), the switching frequency of the 
FET Q1 varies approximately inversely with a load 5 
power. Therefore, under light load, the switching fre- 
quency is increased, and accordingly, switching losses 
are increased, whereas under heavy load, the switching 
frequency is decreased, and accordingly, conduction 
losses are increased. As a result, these losses lead to w 
reduction in circuit efficiency. 

SUMMARY OF THE INVENTION 

[0015] Accordingly, it is an object of the present 15 
invention to provide a switching power supply unit with 
high circuit efficiency, in which the switching frequency 
is reduced under light load, whereas a switching fre- 
quency equivalent to that of a conventional switching 
power supply unit can be obtained under heavy load. 20 
[0016] To this end, the present invention provides a 
switching power supply unit including a DC power sup- 
ply, a transformer having a primary winding, a second- 
ary winding and a feedback winding, a main switching 
element connected in series to the primary winding, and 25 
a control circuit connected between the feedback wind- 
ing and the control terminal of the main switching ele- 
ment, so that a DC output can be obtained. 
[0017] In this switching power supply unit, there are 
provided a voltage generating unit disposed on the pri- 30 
mary side of the transformer to output a voltage accord- 
ing to a load power, and a delay circuit for reducing the 
switching frequency by delaying the turn-on of the main 
switching element according to a voltage output from 
the voltage generating unit thereby prolonging the OFF 35 
time of the main switching element. 
[0018] In addition, the voltage generating unit 
includes a rectifying and smoothing circuit connected 
between both ends of the feedback winding. 
[0019] In addition, an auxiliary feedback winding 40 
connected between the control circuit and the control 
terminal of the main switching element is disposed in 
the transformer, and the voltage generating unit 
includes a rectifying and smoothing circuit connected 
between both ends of the auxiliary feedback winding. 45 
[0020] Furthermore, the delay circuit includes a 
switching unit disposed between the feedback winding 
and the control terminal of the main switching element, 
and a time-constant circuit. 

[0021] Furthermore, the time-constant circuit so 
includes a capacitor and a resistor connected to the 
control terminal of the switching unit. 
[0022] Furthermore, a Zener diode is connected in 
series to the resistor of the time-constant circuit. 
[0023] Furthermore, two resistors mutually con- 55 
nected in parallel include the resistor of the time-con- 
stant circuit, and a Zener diode is connected in series to 
one of the resistors. 



[0024] According to the switching power supply unit 
of the present invention, charging of the capacitor of the 
time-constant circuit is accomplished by using voltage 
increasing in proportion to a load power. As a result, 
under light load, the time for charging the capacitor of 
the time-constant circuit is prolonged and the turn -on of 
the main switching element is thereby delayed, the OFF 
time being prolonged, so that a switching frequency is 
lowered. In contrast, under heavy load, the turn-on of 
the main switching element is accelerated, so that the 
equivalent OFF time to that of a conventional switching 
power supply unit can be obtained. 

[0025] In addition, the switching frequency under 
heavy load can quickly be raised and the varying -width 
of the switching frequency can be increased by connect- 
ing a Zener diode in series to the resistor of the time- 
constant circuit and by increasing the number of wind- 
ings, in which voltage used for charging the capacitor of 
the time-constant circuit is generated. 
[0026] Other features and advantages of the 
present invention will become apparent from the follow- 
ing description of the invention which refers to the 
accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGfSt 
[0027] 

Fig. 1 is a circuit diagram of a switching power sup- 
ply unit according to a first embodiment of the 
present invention. 

Fig. 2 is a graph showing changes in the absolute 
value of the charged voltage of a capacitor consti- 
tuting a rectifying and smoothing circuit on the pri- 
mary side of the switching power supply unit shown 
in Fig. 1. 

Fig. 3 shows waveforms illustrating drain current of 
the main switching element of the main power sup- 
ply unit shown in Fig. 1, as well as current flowing 
through a rectifying diode. 

Fig. 4 is a graph showing changes in the switching 
frequency of the switching power supply unit in 
accordance with each embodiment of the present 
invention. 

Fig. 5 is a circuit diagram showing a switching 

power supply unit in accordance with a second 

embodiment of the present invention. 

Fig. 6 is a circuit diagram showing a switching 

power supply unit in accordance with a third 

embodiment of the present invention. 

Fig. 7 is a circuit diagram showing a switching 

power supply unit in accordance with a fourth 

embodiment of the present invention. 

Fig. 8 is a circuit diagram showing a conventional 

switching power supply unit. 
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DETAILED nP^RiPT. Q N QF EMBODIMENTS OF 
THE INVFNTinM 

[0028] The structure of a switching power supply 
unit according to a first embodiment of the present 
invention will be illustrated referring to Fig. 1. The 
switching power supply unit 1 shown in the figure is 
equivalent to the switching power supply unit 10 shown 
in Fig. 8, in which a delay circuit 6 and a rectifying and 
smoothing circuit 7 are added. The other parts except 
for these circuits 6 and 7 are given the same reference 
numerals as those in Fig. 8, and detailed explanation 
thereof is omitted. 

[0029] In Fig. 1 , the delay circuit 6 constituting the 
switching power supply unit 1 includes a pnp-type tran- 
sistor Q3 and a time-constant circuit composed of a 
capacitor C5 and a resistor R8. The emitter of the tran- 
sistor Q3 is connected to one end of the feedback wind- 
ing Nb of a transformer T via a capacitor C3 of a control 
circuit 5, whereas the collector thereof is connected to 
the gate of the FET Q1 via a resistor R13. In addition, 
between the emitter and the collector of the transistor 
Q3 is connected a series circuit of a resistor R14 and a 
diode D3. Furthermore, the capacitor C5 constituting 
the delay circuit is connected between the base and the 
emitter of the transistor Q3. 

[0030] The rectifying and smoothing circuit 7 
includes a rectifying diode D4 and a smoothing capaci- 
tor C6 mutually connected in series between both ends 
of the feedback winding Nb of the transformer T. 
[0031] Next, the operation of the switching power 
supply unit 1 having such a structure will be illustrated. 
In this case, the operation of only the main part in the 
entire circuit will be explained. 

[0032] First, with reference to Fig. 1 , when the FET 
Q1 is turned off and the OFF time of the FET Q1 begins, 
the capacitor C6 of the rectifying and smoothing circuit 
7 is charged by a voltage generated in the feedback 
winding Nb of the transformer T Then, when energy 
charged in the transformer T is discharged on the sec- 
ondary side and current flowing through the diode D1 
on the secondary side is thereby zero, the charged volt- 
age Vc1 of the capacitor C6 is discharged, and then, the 
capacitor C5 of the delay circuit 6 is charged by' the 
charged voltage Vc1 and a voltage Vnb generated in the 
feedback winding Nb. After this, the charged voltage 
Vc2 of the capacitor C5 reaches a voltage Von at which 
the transistor Q3 is turned on, and the transistor Q3 is 
thereby turned on, so that voltage is applied to the gate 
of the FET Q1 to turn on the FET Q1 . That is, the turn- 
on of the FET Q1 is delayed until the charged voltage 
Vc2 reaches the voltage Von. 

[0033] Under the situation, the absolute value of the 
charged voltage Vc1 is increased in proportion to the 
load power of the switching power supply unit 1, as 
shown in Fig. 2, due to influence of leakage inductance 
of the transformer T or the like. 

[0034] Therefore, under light load, the absolute 



value of the charged voltage Vc1 is relatively small, so 
that the time for the charging voltage Vc2 of the capaci- 
tor C5 the time-constant circuit to reach the voltage Von, 
at which the transistor Q3 is turned on, is longer. This 
5 permits the turn-on of the FET Q1 to be delayed so as 
to prolong the OFF time of the FET Q1 , with the result 
that the switching frequency of the FET Q1 is reduced. 
In contrast, under heavy load, the absolute value of the 
charged voltage Vc1 is relatively large, so that the time 
w for the charging voltage Vc2 to reach the voltage Von, is 
shorter. This permits the turn-on of the FET Q1 to be 
accelerated so as to shorten the OFF time of the FET 
Q1. 

[0035] As described above, as the turn-on of the 
15 FET Q1 is delayed or accelerated according to the load, 
the drain current of the FET Q1 changes as shown in 
Fig. 3. This figure shows changes of the current wave- 
form from light load to heavy load in the order of Figs. 
3(a), 3(b), and 3(c). In each of these waveforms (a), (b), 
20 and (c), the symbol id indicates the waveform of the 
drain current of the FET Q1, and the symbol id1 indi- 
cates the waveform of the drain current of the main 
switching element used in a conventional switching 
power supply unit, which does not have a rectifying and 
25 smoothing circuit and a time-constant circuit. In addi- 
tion, the symbol iD indicates the waveform of current 
flowing through the rectifying diode D1 on the second- 
ary side of the transformer T, and the symbol iD1 indi- 
cates the waveform of current flowing through the 
30 rectifying diode on the secondary side of the conven- 
tional switching power supply unit having no rectifying 
and soothing circuits and no time-constant circuits. 
[0036] The main switching element used in the con- 
ventional switching power supply unit performs ON/OFF 
35 operations in reverse to ON/OFF operations of the recti- 
fying diode, in which the symbols id1 and iD1 indicate 
mutually reversed waveforms. 

[0037] In Figs. 3(a) and (b) where a load is relatively 
light, the FET Q1 of the switching power supply unit 1 is 
40 turned on with a delay time indicated by the symbols dt1 
and dt2, respectively, after the turn-on of the conven- 
tional main switching element. This leads to reduction in 
the switching frequency. In contrast, in Fig. 3(c), where 
a load is relatively heavy, since the delay of the turn-on 
45 does not occur, the same waveform as that in the con- 
ventional art is obtained and the switching frequency is 
also equivalent to that therein. 

[0038] In Fig. 3(c), the waveforms indicated by the 
symbols id and id1 are equal, as well as those indicated 
so by the symbols iD and iD1 are also equal. Thus, the * 
waveforms of iD and iD1 are omitted not to be shown in 
the figure. 

[0039] Fig. 4(a) shows changes in the switching fre- 
quency with increase in a load power in the switching 
55 power supply unit 1. Regarding the value under light 
load, Fig. 4(a) is much lower than Fig. 4(d) showing the 
frequency of the conventional switching power supply 
unit having no rectifying and smoothing circuits and no 
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time-constant circuits. The former frequency slowly 
rises with increase in the load to show the same change 
as that in the frequency (d) of the conventional switching 
power supply unit after a certain point. 

[0040] Next, a description will be given of the struc- 5 
ture of a switching power supply unit according to a sec- 
ond embodiment of the present invention referring to 
Fig. 5. In this figure, the same reference numerals are 
given to the same parts as those in Fig. 1 or the equiva- 
lent parts thereto, and the explanation thereof is omit- 10 
ted. 

[0041] In the switching power supply unit 1a shown 
in the Fig. 5, a Zener diode ZD is connected in series to 
a resistor R8 of a time-constant circuit of a delay circuit 
6a. 15 
[0042] Fig. 4(b) shows changes in the switching fre- 
quency of the above switching power supply unit 1a. In 
Fig. 4(b), the value of the switching frequency is main- * 
tained lower than that of the frequency in the first 
embodiment shown in Fig. 4(a), until the sum of the 20 
charged voltage Vc1 of the capacitor C6 and the voltage 
Vnb occurring in a feedback winding Nb reaches the 
Zener voltage Vz of a Zener diode ZD. Furthermore, at 
a point P, where the sum of the charged voltage Vc1 and 
the voltage Vnb reaches the Zener potential Vz, quickly 25 
current flows into resistor R8, and the time for the charg- 
ing voltage Vc2 of capacitor C5 to reach the voltage 
Von, at which the transistor Q3 is turned on, is shorter, 
so that the switching frequency abruptly rises. 
[0043] As described above, in the switching power 30 
supply unit 1a, the switching frequency under heavy 
load abruptly rises, and the width of changes in the 
switching frequency is thereby increased. Thus, even if 
the switching frequency under light load is set to be sig- 
nificantly low in order to reduce switching losses, there 35 
is no problem of increase in conduction losses, since a 
switching frequency equivalent to that in the conven- 
tional switching power supply unit can be obtained 
under heavy load. 

[0044] Referring to Fig. 6, a description will be given 40 
of the structure of a switching power supply unit accord- 
ing to a third embodiment of the present invention. 
[0045] In the switching power supply unit 1b shown 
in Fig. 6, a series circuit of a resistor R9 and a Zener 
diode ZD is connected in parallel to a resistor R8 of a 45 
time -constant circuit of a delay circuit 6b. 
[0046] Fig. 4(c) shows changes in the switching fre- 
quency of the switching power supply unit 1 b having the 
above structure. In Fig. 4(c), until a point P, where the 
sum of the charged voltage Vc1 of capacitor C6 and the 50 
voltage Vnb occurring in a feedback winding Nb 
reaches the Zener potential Vz of a Zener diode ZD, a 
resistor R8 permits current flowing through transistor 
Q3 to be set very small, and the switching frequency 
thereby slowly rises. Then, at the point P, current 55 
abruptly flows into a resistor R9, and the time for the 
charging voltage Vc2 of a capacitor C5 to reach the volt- 
age Von, at which the transistor Q3 is turned on, is 
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shorter, with the result that the switching frequency 
abruptly rises. 

[0047] Referring to Fig. 7, the structure of a switch- 
ing power supply unit according to a fourth embodiment 
of the present invention will be illustrated below. 
[0048] In the switching power supply unit 1c shown 
in Fig. 7, an auxiliary feedback winding Nb1 in addition 
to a feedback winding Nb is disposed in a transformer 
T1, and a rectifying and smoothing circuit 7 is con- 
nected to the auxiliary feedback winding Nb1. In other 
words, the auxiliary feedback winding Nb1 is allowed to 
directly connect to the rectifying and smoothing circuit 7 
not via a control circuit 5. As a result, the number of 
windings forming the auxiliary feedback winding Nb1 is 
not limited and can be greatly increased. 
[0049] In this way, increasing the number of wind- 
ings of the auxiliary feedback winding Nb1 permits the 
charged voltage Vc1 of the capacitor C6 of the rectifying 
and smoothing circuit 7 to be larger so as to shorten the 
time for charging into the capacitor C5 of the time-con- 
stant circuit. This leads to a sharp rise in the switching 
frequency under heavy load. Under this situation, since 
the width of changes in the switching frequency is 
increased, even if the switching frequency under light 
load is set to be significantly low in order to reduce 
switching losses, a switching frequency equivalent to 
that in the conventional switching power supply unit can 
be obtained under heavy load, so that there is no prob- 
lem of increase in conduction losses. 
[0050] In addition, when the switching frequency of 
the switching power supply unit 1 c of Fig. 7 is compared 
with that in the first embodiment shown in Fig. 4(a), the 
values under heavy load are equal, whereas the value 
under light load in the former is lower than that in the lat- 
ter, although this is not shown in the figure. 
[0051] In the switching power supply units shown in 
the above second and third embodiments, it is possible 
to connect the rectifying and smoothing circuit to a dif- 
ferent auxiliary feedback winding from the feedback 
winding to which the control circuit is connected, so that 
the switching frequency under light load can be even 
further reduced in the respective switching power sup- 
ply units. 

[0052] In the switching power supply unit in accord- 
ance with the present invention, the capacitor of the 
time-constant circuit delaying the turn-on of the main 
switching element is charged by a voltage generated in 
the feedback winding of the transformer, as well as by 
the charged voltage of the capacitor of the rectifying and 
smoothing circuit connected to the feedback winding. 
[0053] The charged voltage of the capacitor of the 
rectifying and smoothing circuit increases in proportion 
to a load power due to the influence of a leakage induct- 
ance of the transformer, or the like. As a result, under 
light load, the absolute value of the charged voltage of 
the capacitor of the rectifying and smoothing circuit is 
relatively small, and the time for charging the capacitor 
of the time-constant circuit is thereby prolonged, so that 
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the turn-on of the main switching element is delayed 
Consequently, the OFF time of the main switching ele- 
ment is prolonged and the switching frequency is 
thereby lowered. In contrast, under heavy load, the 
absolute value of the charged voltage of the capacitor of 
the rectifying and smoothing circuit is relatively large, 
and the turn-on of the main switching element is thereby 
accelerated, with the result that the OFF time of the 
main switching element is shortened. 
[0054] As describe above, since the switching fre- 
quency is decreased under light load and increased 
under heavy load, switching losses and conduction 
losses can be reduced, leading to improvement in cir- 
cuit efficiency. 

[0055] The switching frequency under heavy load 
can quickly be made a steep ascent by connecting a 
Zener diode in series to the resistor of the time-constant 
circuit, or connecting the rectifying and smoothing cir- 
cuit to a different winding from the winding to which the 
control circuit is connected so as to increase the 
number of the windings. Accordingly even if the switch- 
ing frequency under light load is set to be significantly 
low in order to reduce switching losses, there is no prob- 
lem of increase in continuity losses, since a switching 
frequency equivalent to that in the conventional switch- 
ing power supply unit can be obtained under heavy 
load. ' 

[0056] Although the present invention has been 
described in relation to particular embodiments thereof, 
many other variations and modifications and other uses 
will become apparent to those skilled in the art. There- 
fore, the present invention should be limited not by the 
specific disclosure herein, but only by the appended 
claims. 

Claims 
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A switching power supply unit comprising a DC 
power supply (2), a transformer (T) having a pri- 
mary winding (N1 ), a secondary winding (N2) and a 40 
feedback winding (Nb), a main switching element 
(Q1) connected in series to the primary winding 
(N1), and a control circuit (5) connected between 
the feedback winding (Nb) and the control terminal 
of the main switching element (Q1) so that a DC 45 
output can be obtained, the main switching element 
(Q1 ) having an ON time, an OFF time and a switch- 
ing frequency; 

wherein there are provided a voltage gener- 
ating circuit coupled to the transformer (T) to output so 
a voltage in accordance with a load power and a 
delay circuit (6; 6a; 6b) for reducing the switching 
frequency by delaying turning on of the main 
switching element (Q1) according to a voltage out- 
put from the voltage generating circuit thereby pro- 55 
longing the OFF time. 

The switching power supply unit of Claim 1 , wherein 
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the voltage generating circuit comprises a rectifying 
and smoothing circuit (7) connected to the feedback 
winding (Nb). 

The switching power supply unit of Claim 1 or 2, 
wherein an auxiliary feedback winding (Nb1) con- 
nected between the control circuit (5) and the con- 
trol terminal of the main switching element (Q1) is 
disposed in the transformer, and the voltage gener- 
ating circuit comprises a rectifying and smoothing 
circuit (7) connected to the auxiliary feedback wind- 
ing (Nb1). 

The switching power supply unit of one of Claims 1 
to 3, wherein the delay circuit (6; 6a; 6b) comprises 
a switching device (Q3) disposed between the feed- 
back winding (Nb) and a control terminal of the 
main switching element (Q1 ) and further comprises 
time-constant circuit (C5, R8) connected to the 
switching device (Q3). 

The switching power supply unit of Claim 4, wherein 
the time-constant circuit comprises a capacitor (C5) 
and a resistor (R8) connected to a control terminal 
of the switching device (Q3). 

The switching power supply unit of Claim 5, wherein 
a Zener diode (ZD) is connected in series to the 
resistor (R8) of the time-constant circuit. 

The switching power supply unit of Claim 5, further 
comprising a resistor (R9) connected in parallel to 
the resistor (R8) of the time-constant circuit and a 
Zener diode (ZD) is connected in series to one of 
the resistors (R8, R9). 



The switching power supply unit of claim 3, wherein 
the auxiliary feedback winding (Nb1) has a greater 
number of turns than the feedback winding (Nb) 
thereby to increase an output voltage of the auxil- 
iary feedback winding (Nb1) to increase the voltage 
of the voltage generating circuit. 
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FIG. 5 
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